###### Key messages

What is already known about this subject?
=========================================

-   Despite the widespread introduction of primary percutaneous coronary intervention (PPCI), the recovery of left ventricular (LV) function in those with severe LV impairment in the acute phase is not well established. There are limited data on the recovery of LV function following PPCI in the modern era with modern medical therapy. As far as we are aware, there are no estimates on primary ICD implantation rates following PPCI depending on whether National Institute of Health and Care Excellence (NICE) or European society of cardiology (ESC) guidance is used. There are no data on the impact of the new NICE (TA314) guidance on the primary ICD implantation rates in the post-PPCI population.

What does this study add?
=========================

-   This study adds information on the impact of the new NICE (TA314) guidance on the predicted ICD implantation rates. We also provide further information on the evolution of the LV ejection fraction following PPCI and therefore the potential need for ICD implantation.

How might this impact on clinical practice?
===========================================

-   The new NICE guidance is likely to increase the ICD implantation rates, particularly in the post-PPCI population.

-   We also provide further information on the evolution of the LV ejection fraction following PPCI which is important when assessing needs for ICD therapy.

Introduction {#s1}
============

ST-elevation myocardial infarction (STEMI) can cause significant deleterious effects to left ventricular (LV) systolic function. The degree of LV systolic dysfunction (LVSD) has important implications for prognosis of patients. LVSD, especially if severe, increases the risk of sudden cardiac death (SCD) following MI.[@R1] Several randomised controlled trials have shown a beneficial prognostic effect of implantable cardioverter defibrillators (ICD) in prevention of SCD following MI.[@R2] A number of current society guidelines (European society of cardiology (ESC) and Heart rhythm society (HRS)) include severe impairment of LV systolic function (ejection fraction (EF) 35% or less) as an essential criterion for identifying patients in whom ICD for the primary prevention of SCD should be considered.[@R5] The ESC guidance state that patients should be on optimal medical therapy (OMT) for 3 months and those patients should be re assessed by 3 months postrevascularisation.[@R5]

Significant advances have been made in recent years in the management of MI including the routine use of primary PCI for patients with STEMI. Primary PCI, now considered a standard of care for all patients with STEMI, reduces mortality and morbidity when compared to thrombolysis.[@R6] In an earlier meta-analysis of 23 trials including 7739 thrombolytic-eligible patients with ST-segment elevation, acute myocardial infarction (AMI) randomly assigned to primary percutaneous transluminal coronary angioplasty (12 trials used stents) or thrombolytic therapy noted a reduction in death, non-fatal reinfarction, stroke and the combined end point of death, non-fatal reinfarction and stroke. [@R6] It is also recognised that LV systolic function following MI is not a static phenomenon with evidence of a variable degree of improvement in LV systolic function in the weeks following the acute MI.[@R7] This improvement in LV systolic function after the MI may provide an explanation for the lack of a clear benefit with routine early (6--40 days) implantation of ICD in the DINAMIT trial. Importantly, LV function was reassessed in only 47% of patients in the DINAMIT trial. With the widespread introduction of PPCI, data on evolution of LV function in the first 3 months after the acute MI, treated with primary angioplasty, are limited.

There is a marked geographical variation in the rates of implantation of cardioverter defibrillators (ICDs), both within different regions of the UK and between different European countries.[@R8] [@R9] Furthermore, significant differences exist between the current National Institute of Health and Care Excellence (NICE)[@R10] and European society of cardiology (ESC)[@R5] guidance for implantation of ICD for primary prevention of SCD in patients with previous MI. The new proposed changes in NICE guidance[@R11] on ICD has a restriction based on QRS duration difference to ESC guidance ([table 1](#OPENHRT2014000153TB1){ref-type="table"}).

###### 

An outline of NICE and ESC guidance on the use of ICD for primary prevention

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NICE guidance (2006)[@R10]                     ESC guidance (2006)[@R5]                                                                                                         NICE guidance (2014)[@R11]
  ---------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------
  **Primary MI** (more than 4 weeks) **AND**;\   **Primary MI** (at least 40 days post-MI) **AND**\                                                                               Patients with heart failure who have LVEF ≤35%\
  **Either**\                                    LVEF ≤35% (NYHA class II or III)\                                                                                                **AND**;\
  LVEF ≤35% (no worse than NYHA III) and\        On optimal medical treatment and who have reasonable expectation of survival with a good functional status of more than 1 year   NYHA class I--III symptoms, and a QRS duration of \<120 ms\
  Non-sustained VT on holter (24 h) and\                                                                                                                                          \*ICD if there is a high risk of sudden cardiac death\
  Inducible VT (EPS)\                                                                                                                                                             **Or**\
  **OR**\                                                                                                                                                                         NYHA class I-III symptoms and a QRS duration of 120--149 ms without LBBB\
  LVEF \<30% and\                                                                                                                                                                 **Or**\
  QRS \>120 ms                                                                                                                                                                    NYHA class I symptoms\
                                                                                                                                                                                  and a QRS duration of 120--149 ms with LBBB\
                                                                                                                                                                                  (NYHA class II-III consider CRT-D)\
                                                                                                                                                                                  Or\
                                                                                                                                                                                  NYHA class I-III symptoms and a QRS duration ≥150 ms with LBBB or no LBBB consider CRT-D

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*ICD if there is a high risk of sudden cardiac death---these may include: age, sex, degree of left ventricular dysfunction, history of myocardial infarction, presence of cardiomyopathy and a range of other potential prognostic factors like B-type natriuretic peptide.

CRT-D, cardiac resynchronisation therapy with defibrillator; EPS, electrophysiology study; ICD, implantable cardioverter defibrillators; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NICE, National Institute of Health and Care Excellence; NYHA, New York Heart association; VT, ventricular tachycardia. Bold text are key parts of the guidance.

We sought to investigate the prevalence of severely impaired LV systolic function (EF ≤35%) in patients who underwent PPCI for STEMI at our regional centre at index presentation and at 3 months. We also determined our ICD implantation rate and the predicted primary prevention ICD implantation rates using existing NICE and ESC guidance. We compared the predicted implant rates (using NICE (2006) guidance, ESC guidance) versus actual implant rates and then assessed the potential impact of using the new NICE (TA314) guidance.

Methods {#s2}
=======

Patients {#s2a}
--------

The James Cook University Hospital is a tertiary cardiology referral centre serving a population of 1.6 million. A retrospective analysis of Myocardial Ischaemia National Audit Project (MINAP) data of all STEMIs presenting to the hospital over a 7-year period treated with PPCI was undertaken. Three thousand nine hundred and two patients were identified over the 7-year period from January 2005 to July 2012 inclusive.

Subjects with an EF ≤35% were considered for implantation of a primary prevention ICD according to either current 2006 ESC guidelines[@R5] or as outlined in NICE TA095.[@R10] The outcome measures were to determine current in-hospital mortality for PPCI, LV function at index presentation and at 3 months. In addition to determining the predicted implant rates of participants identified for implantation of a primary prevention ICD in accordance with 2006 ESC guidelines[@R5] or National Institute for Health and Care Excellence (NICE TA095),[@R10] we compared the predicted implant rates (using current NICE guidance and ESC guidance) versus actual implant rates and then assessed the potential impact of using the new NICE guidance. When estimating ICD implantation rates, we would offer ICDs in patients with a narrow QRS.

Follow-up. {#s2b}
----------

Further follow-up information regarding patients with LVEF ≤35% during admission (n=332) was obtained from our centre (n=147) and two other general district trusts (n=107). In total, six hospitals contributed to the data set: The James Cook University hospital, Friarage Hospital, North Tees Hospital, Hartlepool Hospital, Darlington Hospital and Bishop Auckland Hospital. No information was available for 78 patients (26%) because they lay outside our catchment area.

Echocardiography {#s2c}
----------------

All echocardiography studies were performed with a standard imaging system and software (VIVID 7, GE-Vingmed, Horton, Norway) by experienced a sonographers. LVEF was assessed using Simpson\'s biplane method using standard recommendations from the British Society of Echocardiography.[@R12]

Statistics {#s2d}
----------

Data are presented as percentages for categorical variables and as means±SD for continuous variables. Comparisons between groups were performed using the χ^2^ test for categorical variables and the independent t test or Mann--Whitney U test for continuous variables as appropriate. A two-sided p\<0.05 was considered statistically significant. All analysis was performed using SPSS (V.17, SPSS Inc., Chicago, USA).

Results {#s3}
=======

Three thousand nine hundred and two patients (70% male) with a mean age of 65±13 years underwent PPCI. Two hundred and sixty-four (6.8%) patients died in hospital. Of the survivors, 3238 (83%) had echocardiography during their index presentation with a median length of stay of 2.4±8.5 days. In-patient echocardiography revealed normal LVEF in 1550 (48%) patients, mild/moderately impaired in 1354 (42%) patients and severely impaired in 332 (10%) patients.

Patients with a severely impaired LVEF post-STEMI at the time of admission were older with a history of MI, peripheral vascular disease, cerebral vascular disease, diabetes, heart failure and chronic renal failure ([table 2](#OPENHRT2014000153TB2){ref-type="table"}). These patients (LVEF ≤35%) had a higher incidence of pulmonary oedema and larger troponin rise at the time of admission ([table 3](#OPENHRT2014000153TB3){ref-type="table"}). Anterior infarction occurred in 55% of patients with LVEF ≤35% during admission. At discharge, 81% and 86% of patients following STEMI were on a β-blocker or ACE inhibitors, respectively, ([table 4](#OPENHRT2014000153TB4){ref-type="table"}).

###### 

Demographic variables of all post-PPCI patients with STEMI subdivided into those with LVEF ≤35% or LVEF \>35%

  Variables                            All STEMIs    In-hospital LVEF \>35%   In-hospital LVEF ≤35%   p Value\*
  ------------------------------------ ------------- ------------------------ ----------------------- -----------
  N                                    3902          2904                     332                     
  Male, n (%)                          2725 (70)     2041 (70)                244 (73)                0.46
  Age, years (range)                   65 (23--99)   63±13                    65±14                   0.01
  QRS duration ≥120 ms, n (%)          98 (3)        67 (2)                   31 (9)                  \<0.01
  Previous MI---n (%)                  547 (14)      361 (12)                 65 (20)                 0.01
  Previous angina---n (%)              569 (15)      382 (13)                 55 (17)                 0.36
  Previous PCI, n (%)                  233 (6.0)     169 (6)                  22 (7)                  0.90
  Previous CABG, n (%)                 106 (2.7)     71 (2)                   11 (3)                  0.77
  Hypertension---n (%)                 1657 (43)     1210 (42)                139 (42)                0.97
  Hypercholesterolaemia, n (%)         1338 (34)     1024 (35)                105 (32)                0.58
  Peripheral vascular disease, n (%)   135 (3.5)     108 (4)                  23 (7)                  0.04
  Cerebrovascular disease, n (%)       185 (4.7)     108 (4)                  23 (7)                  0.04
  Chronic renal failure, n (%)         38 (1.0)      18 (1)                   7 (2)                   0.03
  Heart failure, n (%)                 30 (0.8)      7 (0.0)                  12 (4)                  \<0.01
  Diabetes, n (%)                      433 (11)      295 (10)                 42 (13)                 0.01

\*Comparison of patients with LVEF ≤35% versus patients with LVEF \>35%.

CABG, coronary artery bypass graft surgery; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; STEMIs, ST-elevation myocardial infarction. Bold text are key parts of the guidance.

###### 

Cardiogenic shock and heart failure in patients with LVEF ≤35% or LVEF \>35% at presentation of their STEMI

  Variables                  In-hospital EF ≥35%   In hospital EF ≤35%   p Value\*
  -------------------------- --------------------- --------------------- -----------
  n                          2904                  332                   
  Cardiogenic shock, n (%)   23 (1)                6 (2)                 0.06
  Pulmonary oedema, n (%)    16 (1)                8 (2)                 \<0.01
  Cardiac arrest, n (%)      194 (7)               31 (9)                0.07
  Peak troponin mg/dL        54±116                107±173               \<0.01

\*Comparison of patients with LVEF ≤35% versus patients with LVEF \>35%.

EF, ejection fraction; LVEF, left ventricular ejection fraction.

###### 

Medication at discharge for all patients with STEMI

  Medication                     All STEMIs
  ------------------------------ ------------
  Thiazide diuretic, n (%)       81 (2)
  Loop diuretic, n (%)           903 (23)
  Spironolactone, n (%)          34 (1)
  Aldosterone antagonist         210 (5)
  Angiotensin inhibitor, n (%)   3357 (86)
  β blocker, n (%)               3174 (81)
  Statin, n (%)                  3442 (88)
  Aspirin, n (%)                 3476 (89)
  Warfarin, n (%)                161 (4)
  Thienopyridene, n (%)          3407 (87)

STEMIs, ST-elevation myocardial infarction.

Three hundred and thirty-two patients were found to have LVEF ≤35% during admission. Two hundred and fifty-four patients were followed up by a cardiologist at the participating centres (76%), and therefore 24% were followed up outside our catchment area. Two hundred and ten of 254 (83%) patients had an echocardiogram within 3 months post-MI; among these patients, 89 (42%) remained to have LVEF ≤35%. Of these 89 patients, 61% had anterior STEMIs. The number of patients fulfilling NICE and ESC criteria for primary prevention ICD therapy was 14 (16%) and 84 (94%), respectively. The actual number of patients receiving an ICD was 17 (19%). The number of patients fulfilling the new NICE guidance was 84 (94%) ([figure 1](#OPENHRT2014000153F1){ref-type="fig"}). More patients with LVEF ≤35% had a QRS duration ≥120 ms compared to those with LVEF \>35% (9% vs 2%, p\<0.01).

![Number of patients fulfilling each guidance for ICD therapy at 3 months post-PPCI.ICD, implantable cardioverter defibrillators; PPCI, primary percutaneous coronary intervention.](openhrt2014000153f01){#OPENHRT2014000153F1}

Discussion {#s4}
==========

Our study had two objectives: (1) To investigate the prevalence of severe LVSD (LVEF \<35%) in patients with acute STEMI, treated with primary percutaneous coronary intervention (PPCI), at presentation and at 3 months after the event; and (2) to provide a prediction on the ICD implantation rates when applying the existing NICE versus ESC guidance, as well as the predicted ICD implant rates in accordance with the new NICE guidance, and to assess our actual ICD implantation rates.

The most important determinant of adverse long-term prognosis, as well as the risk of sudden arrhythmic death, in survivors of acute MI is reduced LVEF (EF \<35%). LVSD, especially if severe, increases the risk of SCD following MI.[@R1] Data on the prevalence of LVSD after MI are conflicting in terms of method and timing of assessment, inclusion of MI with and/or without ST segment elevation and the definition of severe LVSD. However, it has been recognised that a variable degree of improvement in LV systolic function occurs in the weeks following the acute MI in a significant number of patients.[@R13] Data on evolution of LV function in the first 3 months after the acute MI, treated with primary angioplasty, are limited. Our study offers increased insight into the prevalence of LVSD at presentation and its subsequent evolution in patients with STEMI treated with PPCI. This is clinically important because it provides some estimation of the potential number of patients post-PPCI for STEMI who might require an ICD for primary prevention, which in turn will aid future service planning.

With respect to the evolution of LV systolic function post-MI, the Cardiac Arrhythmias and Risk Stratification after Acute Myocardial Infarction (CARISMA) showed that 23% of the total 5869 screened patients had LVEF \<40% at 3--21 days after the acute MI. Three hundred and twelve patients included in the study cohort were scheduled to undergo a repeat echocardiogram at 6 weeks to reassess LVEF. LVEF increased from the baseline value of 31±6 to 35±10% at 6 weeks.[@R7] In the Prevention of Sudden Cardiac Death II (PreSCD II) registry, 10 612 patients were enrolled 4 weeks or later after MI in 19 cardiac rehabilitation centres in Germany. 6.9% of all patients had an LVEF of 31--40% and 2.5% patients had an LVEF \<30%.[@R14] In a study of 600 patients with STEMI treated with primary angioplasty (recruited between January 1994 to January 1998), LVEF was measured at day 4 and 6 months after the MI by radionuclide ventriculography. At discharge, 36% had a low LVEF (\<40%), whereas after 6 months 27% had an EF \<40%. Importantly, only 44% patients were discharged on ACE-Inhibitor therapy.[@R15]

In this study, we have found that almost half of the patients who underwent PPCI for STEMI at our centre developed LV systolic dysfunction. Ten per cent of such patients had severely impaired LVSD (EF ≤35%). Interestingly, LV systolic function had improved in the majority of patients at repeat echocardiogram at 3 months, with about 40% of those with severe LVSD at index presentation continuing to demonstrate severe LVSD (EF \<35%). Advanced age, previous MI, presence of extracardiac vascular disease and anterior location of infarct confer a higher risk of severe LVSD both immediately following the acute MI and at 3 months. This is consistent with findings noted in previous studies.[@R16] [@R17] Also interestingly, a significant proportion of patients (≈40%) with a severely impaired LVEF at 3 months had a non-anterior infarct.

Our study presents real-life data from a single large primary PCI centre in the UK. Guidelines recommend performing an echocardiogram for reassessment of LV systolic function at least 4 weeks after the AMI; in our study, this was performed at around 3 months after the event. The rationale behind this approach was to allow time for optimisation of heart failure medications. This is consistent with the Multicenter Automatic Defibrillator Implantation Trial (MADIT) II trial which required a waiting period of at least 3 months following coronary revascularisation.[@R18] Furthermore, we have learnt from the IRIS (Immediate Risk-Stratification Improves Survival) trial and DINAMIT (Defibrillator IN Acute Myocardial Infarction Trial) that implanting ICDs very early (within 30 or 40 days) confers no overall survival benefit following MI.[@R19] [@R20]

The number of patients fulfilling NICE and ESC criteria for primary prevention ICD implantation was 16% and 94%, respectively. The actual number of patients receiving an ICD was 19%. The number of patients fulfilling the proposed NICE would have been 94%. The significant differences in predicted implantation rates relate to the differences between the current 2006 NICE and ESC guidance. ESC guidance advises an assessment of LV function at at least 40 days and that ICD implantation (with a class IA indication) should be considered in all patients with LVEF ≤35% who are in New York Heart association (NYHA) Functional Class II or III, are on optimal medical therapy and have a reasonable expectation of survival with a good functional status of more than 1 year. On the other hand, the 2006 NICE guidance suggests evaluation of patients with MI at least 4 weeks after the event. The NICE guidance further differentiates between EF ≤35% and EF \<30% and suggests utilisation of ECG, Holter and electrophysiology criteria to identify high-risk patients in whom ICD implantation is recommended ([table 1](#OPENHRT2014000153TB1){ref-type="table"}). It is worth mentioning here that the use of an EF ≤35% and EF \<30% to further risk stratify patients can often be difficult because the current British Society of Echocardiography (BSE) recommendation for reporting grades all LVEF ≤35% as severe and makes no distinction between EF ≤35% and EF \<30%.[@R12] Nevertheless, it is fair to say that the ESC guidance for primary prevention ICD implantation is significantly more inclusive than the current 2006 NICE guidelines. The 2012 ACCF/AHA/HRS Focused Update on ICD implantation is very similar to the ESC guidance (ie, LVEF ≤35% due to prior MI in patients who are at least 40 days post-MI and are in NYHA Functional Class II or III);[@R21] thus, there is a global consensus on ICD indications for primary prevention and our current NICE is out of sync with the global consensus. However, with the new NICE guidance, our practice will become more in line with the rest of the world. Interestingly, the 2013 AHA/HRS 'Appropriate Use Criteria for Implantable Cardioverter-Defibrillators and Cardiac Resynchronization Therapy' has furthermore provided some guidance on other common clinical scenarios which further broaden the scope of ICD therapy, for example, for patients with acute MI at \<40 days, providing they also fulfil other criteria such as inducible sustained VT during EPS performed after revascularisation, within 30 days of MI.[@R22]

The new NICE guidance on ICD implantation (see [table 1](#OPENHRT2014000153TB1){ref-type="table"}) differs from ESC on the requirement of a QRS duration ≥120 ms, which on the surface does not appear to be significant but actually does have a significant impact on potential ICD implants.[@R11] It important to recognise that the risk of SCD in those patients with QRS duration \<120 ms is not negligible and the mortality benefit of an ICD remains statistically significant. The all-cause mortality of patients in the MADIT II trial ICD therapy over a period of 5 years in patients with a QRS duration \>120 ms and those with a QRS duration \<120 ms was 65% and 46%, respectively.[@R2] In the The multicenter unsustained tachycardia trial (MUSTT) registry, the all-cause 5-year mortality for patients with a QRS duration \>120 ms and those with \<120 ms was 38% and 17%, respectively.[@R23] In a pooled analysis of 10 primary prevention studies, irrespective of the QRS duration and aetiology of systolic dysfunction, implantation of an ICD for primary prevention provided a 7.9% absolute mortality reduction in patients with LV systolic dysfunction on optimal medical therapy.[@R24] In addition, studies such as MADIT RIT and ADVANCE III have demonstrated that if we optimise the device set-up, we can improve further on the morbidity and mortality rates of our patients.[@R25] [@R26]

In our cohort of patients, although more patients with LVEF ≤35% had a QRS duration ≥120 ms compared to those with LVEF \>35%, the actual percentage of patients with LVEF ≤35% and a wide QRS duration was small at only 9%. Therefore, over 90% of patients with LVEF ≤35% had a narrow QRS complex. Fortunately, the proposed NICE guidance has added in the caveat 'ICD if there is a high risk of SCD' in those patients with a narrow QRS complex. These high-risk features include age, sex, degree of LV dysfunction, history of MI, presence of cardiomyopathy and a range of other potential prognostic factors like B-type natriuretic peptide. NICE does not offer guidance on how these features are used when making a final clinical judgement whether the patient with a narrow QRS complex requires an ICD or not. When we used the 'history of MI' to justify use of an ICD in patients with a narrow QRS complex, the predicted ICD implantation rate was 94%, similar to ESC guidance predicted implantation rates.

Currently, there are marked geographical variations in the rates of implantation of cardioverter defibrillators (ICDs), between the UK and Europe,[@R8] and even within different regions of the UK.[@R9] There is no evidence to suggest that disease prevalence in the UK is significantly different from that in other European countries. Compared to the rates of our European counterparts, our device implant rates are among the lowest.[@R27] The exact causes of this inequality in the provision of device therapy remain not fully understood. One possible explanation lies in the clear differences between the ESC guidelines and NICE, particularly for complex devices (ICD), and therefore it depends on which guidance an operator chooses to implement. The north east cardiovascular network (NECVN) has agreed to follow the ESC guidance since June 2013.

When the new NICE guidance come into place, we anticipate that it would potentially increase our current ICD implantation rates and thereby close the large gap in ICD implantation rates that currently exists between the UK and our European partners, providing we agree that having a history of MI is enough to justify an ICD in patients with a narrow QRS complex, which incidentally is what the rest of the world is currently doing.

Conclusion {#s5}
==========

A small but significant proportion of patients with STEMIs undergoing PPCI have a severely impaired LV systolic function. A large proportion of these patients will have improved LV systolic function at 3 months. A significant number of patients continue to have severely impaired LV systolic function and a third of these patients have infarcts in territories other than anterior. There is a fivefold difference in predicted ICD implantation rates depending on which guidance is followed---NICE versus ESC. We anticipate the potential impact of the new NICE guidance on ICD implantation to be a significant increase in ICD implantation rates.

Limitations {#s6}
===========

This was a retrospective observational study. There were missing data on patients from outside our hospital catchment area (26%). This study represents real-life data on clinical practice; the NICE guidance on 24-Holter testing and VT stimulation testing were not strictly adhered to, and therefore estimates of implantation rates could be underestimated. All hospital echocardiography reports were taken as valid and were not validated in a core laboratories.
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